The approach to physical phenomena by Aristotle was sprang from a conception which held no key to the physical world, although it did something to offer for biological sciences, where Aristotle's achievements were the greatest. Moreover, Aristotle tried to fit all his findings into fixed patterns and then tended to construct on them, a general theory which he declared as absolute.This dogmatic formulation, which was not supported by sufficient empirical evidence may become dangerous. However, the basic contributions on the principles of science developed by him were the first developed by humanity and may be considered as the founding stone on the building of modern science.
The leading principle in Aristotle's view of nature was teleology based on the axiom that everything happening is done for a certain end and that the whole cosmos is the result of a planning. Aristotle's philosophy is so dominated by the principle of teleology that he used to be regarded as its inventor, although it was well known that before him Empedocles was the first to add to this principle the notion of force.
Moreover, Anaxagoras used a motive principle, which he called "Mind" in his doctrine. Anaxagoras regarded mainly "mind" as the cause of motion and virtually as a physical substance, but nowhere he mentions that the "mind" functions on a preconceived plan designed to produce some kind of order. Indeed, "mind" was explicitly mentioned as a teleological operation, which sets intentionally things in the proper order, and the harmony of the universe comes about through the force of an intelligent law aiming at perfection.
This developlent reached its climax in the time of Plato, who, in his dialogue Phaedo, puts into the mouth of Socrates strong words of critisism against the "mind" of Anaxagoras.
Today we need only to look around us to see that the rapid advance of the natural sciences in recent centuries began only when scientists stopped searching for the true causes and confined their curiosity to the necessary conditions of these causes.
The perspectives of our modern cosmos were widened to us the day when the scientists of the seventeenth century gave up asking "Why", or "for what purpose" and limited themselves to the questions "how"?
The scale of values imposed by Aristotle on the investigation of nature, culminating in the teleological explanation of the universe, became the corner-stone of his physics. Aristotle went still further and formed his theory of dynamics on the supposition of an "intelligent nature", functioning by deliberate design. He defines his own stand in principle in the course of a refutation of those pre-Socratic philosophers, who regarded natural phenomena as the product of "necessity", or, in modern terminology, of conformity to mechanical law.
For Aristotle all conformity to law is teleological, like that displayed in the creation of artists. This is a clear and unambiguous statement : "Nature's method is that of the artist, and conversely, true art is the imitation of nature". Accordingly, the scientist should approach his problem like the student of an artistic creation who, from the details of the house, learns the functions assigned by the builder to its various parts, or who understands from the shape of a statue what the artist wanted to express in it.
This conception of natural phenomena as the striving for an end may be fruitful and valuable as a guiding principle in those sectors of biology, where the subject of investigation is the functional role of organic forms and processes. Hence Aristotle's great achievements in zoology and the enduring value of no small part of his biological works. His treatises on the morphology of living creatures read as if they had been written by a contemporary of ours, whereas his whole Physics is permeated by the spirit of a world entirely alien to us, which begun to pass away from the moment that physical science abandoned the teleological approach and replaced the question : "for what purpose", by "how".
The teleological principle played a great part in the dynamics of Aristotle. The theory of dynamics is an integral part of his picture of the cosmos. Aristotle took over the theory of four elements from the pre-Socratic philosophers and wove all these theories into a system of cosmic values on the basis of the antithesis between eternal well-ordered motion of the heavens and the irregular ephemeral movements on the earth. He completed this antithesis by stressing the essential difference in form between the movements of the stars and the movements of a lower region extending between the earth and the moon.
The heavenly movements are circular, whereas those in our region are complex, taking sometimes the form of straight lines. This scale of cosmic values postulates the priority of heavenly over terrestrial movements and the primacy of circular motion. The rotatory motion is a simple one and can be eternal, whereas no other motion can be so, since in all of them rest must occur, and with the occurence of rest the motion is perished.
The notion of the natural form of motion is connected with the concept of natural place, which is the earth and the water. Both elements are, therefore, at the center of the universe. It is likewise clear that the natural place, of the two other elements of the pre-Socratics, the air and the fire, is in the upper regions. As a result of this natural motion is the tendency of the various kinds of matter, which are not in their natural place, to get to it from their desire to occupy their proper place in the cosmos, thus connecting any deviation from its perfect order. In this way the natural movements become the dynamic manifestation of the working of teleology in the physical universe.
Since simple bodies must have simple motions, we hold therefore that the only single motions are the circular and the rectilinear, the latter of two sorts, away from the center and towards the center. Then, a general formula has been decided on that everything is definitely fixed and there is no place for another simple body in our cosmos.
It may be argued that modern physics, too, proceed in the same way and that the transition to relativistic mechanics involved a complete mental revolution, just because the formulae of Newtonean physics had become a theoretical dogma. However, there is an essential difference between Newton and Aristotle. Experiment plays a far greater part in modern physics, so much so that it plays now the arbitrer of every theory. Hence modern science assumes a much more flexible character, its continuous progress being made possible by a constant re-evaluation of its fundamentals. Aristotle's approach, on the other hand, not supported by any experimental evidence, failed to observe the right balance between induction and deduction and came to be dominated largely by the latter.
Considering now the two particular natural movements, the upward and downward movement, they have been made by Aristotle absolute opposites, thus disagreeing with Plato and others who understood that in a universe, having a center and a spherical perimeter, such concepts should be relative. In the same way, Aristotle also turned "heavy" and "light" into absolutes. This was the origin of an antithesis which hampered the formation of the fundamental notion of specific weight.
In the same contest Aristotle predicates weight and lightness in both an absolute and a relative mode. He mentions in his book : de Caelo (307b) that : "Our predecessors have treated of the relative sense, but not of the absolute : They say nothing of the meaning of weight and lightness, but discuss which is heavier and which is lighter among things possessing weight. Let me make my meaning clearer. There are certain things, whose nature is always to move away from the center, and others always towards the center. The first I speak of as moving upwards, the second downwards".
Considering now the problem of Aristotle's dynamics we may state that the study of this question is in itself Aristotle's chief claim to fame, for he was the only ancient scientist, who worked on the development of a quantitative theory in this fundamental field. This was a great achivement. The mechanics of Galileo and Newton have shown us that the phenomena of dynamics, which may seem to the layman as elementary, are in reality very complicated.
We know that the study of the laws of motion is entangled by two factors, that is friction and resistance of the environment,which cannot easily neutralized. The velocity of a moving body constantly decreases because of these two factors. This fact gave rise to the pre-Galilean misconception that the moving body has to be subjected to a constant force in order to maintain a constant velocity. Actually such force merely serves to overcome the opposing forces of friction and of the resistance of the medium. The problem is further complicated by the fact that the moving body usually is within the gravitational field of the earth.
All these findings of modern Physics are the result of experimental and theoretical analysis of the various factors operative at the time of movement. Since Aristotle did not break down motion into its component factors, it is not suprising that his laws of motion do not correspond to the facts. Indeed, Aristotle maintains that the distance traversed by a body is in direct proportion with the force acting upon it constantly and the time taken, and in inverse proportion to the mass of the body.
But experience showed him that this law was only a very rough approximation and that it fails completely when the disproportion between force and mass is very great. He therefore found it necessary to qualify his law and to give empirical examples in support of this qualification. In an intersting passage in his Physics 249b we hear an entirely different Aristotle, an Aristotle who is far closer to us, than the one who dogmatizes about the structure of the cosmos, never for one moment doubting the analytical power of pure intellect.
Although his law quoted in the passage is not correct, its formulation is, in two respects, akin to the spirit of our own times : it is mathematical in form, and its validity is qualified by reference to experience. This passage states that: "... If (force ?) Ε moves F a distance C in a time D, it does not necessarily follows that Ε can move twice F half the distance C in the same time ... . In fact it might well be that it will cause no motion at all ; for it does not follow that, if a given motive power will cause motion either of any particular amount or in any length of time : Otherwise one man might move a ship, since both the motive powers of the ship-haulers and the distance that they all cause the ship to traverse are divisible into as many parts as they are men" (Physics, 249b).
The various formulations discussed by Aristotle for his law show that he was careful no to infringe the principles of his general law : "The larger a body the more swiftly it performs its proper motion" (Physics 290a). "The larger quantity of fire or earth, always move more quickly than a smaller to its natural place" (Physics, 277b), "the larger the quantity (of fire) moves upwards more quickly than the smaller. Similarly, a larger quantity of gold or lead moves downwards faster than a smaller, and so with all heavy bodies" (Physics, 309b).
Furthermore, the quantitative formulation of the law was defined as follows : If a certain weight moves a certain distance in a certain time, and the proportion which the weights bear to one another, the times too will bear to one another, i.e. if the half weight covers a distance in x, the whole weight will cover it in x/2". (de Caelo, 273b).
Aristotle's law of falling bodies says, therefore, that the velocity of a falling body is proportional to its weight. This law became widely known through the criticism levelled against it by Galileo in his book : "Discourses and Mathematical Proofs" (1638). Galileo's criticism of this law marked a turning-point in the transition from ancient to modern physics.
by examing the problem of this law in more detail we can state that the whole subject of the laws of falling bodies is of significance outside the narrow limits of the law of a specific movement, through its connection with Aristotle's absolute negation of a vacuum and with his view about the influence of the environment of motion. It, thus, concerns the main principles of the conception of the physical world.
The founders of the atomic school in ancient Greece were the first who regarded the existence of a vacuum as a necessary condition of movement. This conception was radical in the extreme : The ultimate elements of matter must be separated from each other by the absence of matter. Every atom moves in a vacuum until it collides with another atom. Thus, in the world of atoms all activity is made up of movements in an absolute vacuum and impacts of a matter on matter. This was one of the profoundest conceptions of ancient Greece, whereas Aristotle's rejection of it was also an objection in theory and in principle. Among the many reasons advanced by Aristotle against the existence of the vacuum in the fourth part of his Physics (Physics, 214b) the most characteristic of his way of thinking is expressed by the sentence : "The void, in so far as it is void, admits no difference". By this he means that the vacuum has no distinguishing geometrical features, nor any of the qualities essential for the fixing of direction and motion ; in a vacuum, therefore, there is no means of spatial orientation.
There is an analogy here with the negation of absolute motion in the Newtonian space. If there were only one single body in the whole emptiness of infinite space, there would be no sense in assigning to it a place or a state of motion, since for that at least two bodies are required, thus defining relative motion in a given reference frame. Aristotle sees no way of constructing such a framework, if bodies are separated from each other by a vacuum.
Since no geometric link connects a body surrounded by the void to another body, there is no point in depicting its state, either in terms of place, or movement. Since Newton, physicists have grown accustomed to regard space as a geometric network spread over the vacuum and joining together the physical points. Aristotle rejected a physical description by an abstract geometry extending beyond the bounds of matter. Instead, he identified space with volume filled by matter, an identification which necessitates the continuity of matter. It is characteristic that Aristotle does not use the word "space", but "place", to express the location of a given body. Place is far more concrete term than space, since it gives a geometrical definition of a particular point in terms of its boundaries.
Aristotle's combination of geometry and matter to form his concept of place is not unlike the conception of space in the General Theory of Relativity. This theory also rejects the Newtonian portrayal of space, as a sort of infinite box, in which physical bodies move. Instead, it pictures a space as a kind of communion of the body and its surroundings. It is the body that determines the geometry of its environment, and this geometry cannot artificially be separated from the body itself. Hence a physical point is simply a singularity in the metric field surrounding it, and this field is not at all an empty space. This reasoning, like Aristotle's, also leads to the negation of a vacuum. The cosmos, as envisaged by us today, is very different from the "empty box" of Newton, or the Greek atomists. Interstellar space is full of electromagnetic radiation. Its expanses contain gravitional fields and are traversed by gravitational waves. Similarly, these are fields of forces round the atoms, of which physical bodies are composed, and in the spaces within the atom or nucleus, there is likewise interplay of forces at work between the primary particles.
This resemblance between Aristotle's approach to the space continuum problem and that embodied in the General Theory of Relativity is very interesting, but we should beware of drawing sweeping conclusions from it.
The negation of a vacuum is so important to Aristotle that he discusses the question again and again from various angles. However, in summing up his arguments, Aristotle mentions, only to reject, a conclusion which is in fact an explicit formulation of Galileo's law of inertia. The negation of a vacuum results therefore from the absurd conclusion rejecting the transition to the limit from a medium of finite density to one whose density is nil. Then, he results that if the cosmos is a perfect continuum, it must be a single entity, a uniform body, and this body should be finite.
Then, while he assumes the possibility of infinity in division, he denies it in extension. The cosmos is thus finite. Furthermore, since the demand for perfection requires, and astronomical phenomena prove, its sphericity, the cosmos is a finite sphere, with the earth as its center and the sphere of the fixed stars as its limits. The finiteness of the cosmos also follows from the circular motion ; otherwise we should have to admit an infinite velocity.
The idea that the cosmos is finite is a corollary of Aristotle's dynamics and his conception of natural place. Unlike the pre-Socratic philosophers, Aristotle rejects the idea of creation, since what is created must eventually decay. Therefore, the eternity of the cosmos extends in the two temporal directions past and future. It goes without saying that Aristotle criticizes Plato for basing his cosmology on the creation of the world and at the same time holding that the world will last for ever.
The two great philosophical schools appeared after Aristotle's era did not take up also these views. Instead, the Stoics and the Epicureans returned to the idea of the cosmic development. Aristotle's theory about the eternity of the cosmos remained a unique individual opinion throughout ancient times.
The two fundamentals of the Aristotelian natural philosophy were developed and modified in the physics of the Stoics. The teleological idea appeared in their teaching in its most downright religious form as Providence. The continuum view of the cosmos took on an extreme dynamic form in the Stoic school. It emerged as the doctrine that all the parts of the cosmos are interdependent -and it is this interdepence that makes the cosmos a field of physical activity which pervades it and unites it into a dynamic whole.
Aristotle's assumptions about the finiteness of the cosmos and his absolute negation of a vacuum were not accepted in their entirety until the Middle Ages.
The Stoics postulated the existence of an infinite vacuum surrounding the finite continuum of the cosmos. The Epicureans developed the theory of Leucippus and Democritus about the atomic structure of matter and the infinite extensions of the vacuum in the space between and outside the atoms.
John Philoponus, who lived at the beginning of the sixth century A.D., disagrees with his argument that, in the absence of a retarding medium, the velocity of fall would reach infinity. The disagreeing attitude of Philoponus to Aristotle's dynamics was the last word of such criticism for the thousand years which preceded Galileo.
There are also many indications of critical attitude to several Aristotle's fundamental ideas made in the Hellenistic period, mentioned in Plutarch's works. Philo of Byzantium, Hero of Alexandria and the Roman Vitruvius, based on the experimental work developed meanwhile in ballistics and applied mechanics, during the improvement of ballistic machines by empirical methods, they established some fundamental laws of motion, such as the law of the parallelogram of velocities. In concequence of these achievements Aristotle's dynamics were placed in their true historical perspective, as a theory which was important as the beginning of a long development.
The teleology of Plato and Aristotle did not go unchallenged even in the ancient World. The atomic theory of Democritus was based on an entirely nonteleological approach. Another keen critic of teleology was Aristotle's great pupil, the founder of systematic botany, Theophrastus. In his metaphysics Theophrastus disputes the view that the celestial movements are a special phenomenon, essentially different from terrestrial ones including those of living creatures. Thus, Theophrastus joins forces with the atomists who regarded this motion as one of the fundamental data of the universe, like matter, the reason for which it is pointless to seek.
All these criticisms devastating as they were from sweeping the teleological viewpoint out of existence, did not even succeed in noticeably disturbing it. In the end, Aristotle's cosmos continued to dominate human thought throughout the ancient and scholastic periods, right up to the sixteenth century. Nor is this surprising, seeing that it was eminently qualified to maintain this position both in the ancient World and after the rise of Christianity.
In Aristotle's philosophy the cosmos is a sublime manifestation of the rule of order in the universe. This idea was as well suited to the greek mentality, in which the concept of order was blended with those of beauty and perfection, as expressed in artistic creation, as to the basic creed of the monotheistic religions of Christianity, Judaism and Mohamedanism, which regard the cosmic order as the work of Creator and the expression of His Will.
The teleological idea, therefore, endured as a guiding principle in the explanation of nature, being woven into the pattern of mediaeval religious thought. Long life was likewise assured to the Aristotelian antithesis between heaven and earth, rooted as it was in star-worship, of which spiritual traces are to be found throughout the greek period. In the theology of the monotheistic creeds this antithesis reappeared anew in the location of God and His angels in the Heavens, in the pure region of Aristotle's eternal movements.
Then, Aristotle's physical doctrine was accepted as dogma for sixty generations. No other personality in the history of science, and very few in the whole course of human culture, had so deep and long-lasting an influence on subsequent thought.
Already in the ancient World Aristotle's views bore the stamp of a supreme authority which only a few bold spirits dared to reject. This authority was in no way weakened by the rival claims made for Plato's philosophy at the end of the classical period and the beginning of the middle ages. However, in the sphere of natural sciences there was no essential difference of opinion between the two philosophies.
The chief interpreters of the three great monotheistic religions, Christianity, Judaism and Mohamedanism, finally blended the main principles of Aristotle's philosophy with their religious conception of the universe thus turning the whole of that philosophy, including its physical and cosmic aspects, into unquestionable dogma. Then the nation which created the natural sciences and the methodical scientific thought was obstructed by this dogmatism to advance their development beyond the first stages.
In the absence of experimentation and significant and leading technical invention the process of scientific creation began to suffer after its brilliant initial development. The first signs of this appeared in the second century B.C. Its serious consequences were made still worse by the penetration of superstitions into the domain of science and the growth of accult tendencies consequent upon the merging of East and West during the Hellenistic era.
This decline of creative science became part of the general eclipse of the ancient World, followed the decline and the disintegration of the Roman Empire. With the spread of Christianity, nature problems only took second place to the main concern of humanity, which was its relations with the Creator. By divorcing man and his vital interests from natural phenomena the Church helped to create the feeling that the cosmos was something alien and remote from man.
In this connection it is interesting to mention the tremendous service rendered by the development of scientific instruments and scientific machines which started at the classical period and formed a great evolution during the hellenistic era and afterwards. This development extended man's knowledge of nature beyond the limits of the five senses, thus enabling him to overcome the "weakness of the senses" which Anaxagoras regarded as the chief obstacle to ascertaining the Truth.
If the intellectual adventure of modern science is perhaps the greatest of all adventures inaugurated in the modern era, this is due to the development of mathematics as the key to the laws of nature. It is true that our cosmos has been drained of all the human content which it contained in the Greek period ; it is true that the naive world of senses is separated from the world of science by an ever-widening chasm ; it is true that understanding this world of science calls for enormous powers of abstraction and a professional and intellectual training which is becoming ever more rigorous. But on the other hand this cosmos is continuously developing new and marvellous contents which make the experience of initiated people not less rich than the cosmic experience of the first thinkers of ancient Greece.
Then, it may be accepted that these same philosophers were among the spiritual ancestors of our own era and they will not be doubted by anyone who compares the heritage of Greek science and especially its methodical approach, the vigour of its imagination and inspiration, its associative strength and power of inference with the science of our own time.
If we should judge the contribution of Aristotle and the other philosophers of antiquity by modern criteria we could at ease register failings, insufficiencies and errors committed to their conception of the cosmos, as compared with our beliefs of modern science. But, this would be exactly to misunderstand and misvalue their contributions, if we judge them with principles appeared many centuries afterwards, principles which have been developed because of their ideas flourished for the first time during their time.
Within the limits set to their cosmos by history the Greeks, through their spiritual resources, succeeded in weaving a marvelously rich canvas of thought, which surprises us by its close resemblance to our own mental world. Within the limits of their scientific language, they stated all the essential things that can be stated about the conformity to law of phenomena, as regards their number and sequence, and about the interrelationship of the various elements of physical reality. Whoever makes a close study of the scientific world of ancient Greece cannot but be filled with veneration as he can realizes that, beyond all differences and changes, the cosmos of the Greeks is still the basis of our own cosmos.
